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A SUBMICROSCOPIC GRANULAR COMPONENT IN HUMAN EPIDERMIS*
GEORGE F. ODLAND, M.D.
In the course of an electron microscopic
analysis of the stratum granulosum of human
epidermis, a distinctive submicroscopic granular
component has been identified. Sclby first recog-
nized a similar small granular structure which
she interpreted as a small keratohyalin granule
(1). Horstmann recognized similar granules and
presumed them to be virus particles (2). A
description of these small granules and a demon-
stration of their submicroscopic structure is the
substance of this communication.
MATERIALS AND METHODS
Biopsy specimens of skin, 2 mm in diameter,
were taken from the flexor surface of the forearm
of adult human donors. Tissues were fixed in
buffered 2% osmic acid and processed for the
electron microscope in a conventional manner
described in detail elsewhere (3). Specimens were
examined with an RCA electron microscope
(model EMIJ-2C) fitted with objective aperture
and a special stabilized power supply.
OBSERVATIONS
In the thin Skin of the human forearm electron
micrographs invariably reveal a stratum granu-
losum, one or two cells in thickness, lying im-
mediately beneath the stratum lucidum. The
cells contain dense cytoplasmic bodies similar to
the structures identified by Horstmann in the
rat foot pad epidermis as keratohyalin granules.
These structures have an irregular stellatc
contour and vary in diameter from 0.1 to 1.5 p
(Fig. 1).
Immediately beneath the classical granular
layer there is a layer of flattened cells whose
cytoplasm is rendered distinctive by the ap-
pearance of numerous spherical granules of sub-
microscopic dimensions (Figs. 1 and 2). The
small spherical granules arc most uniform, more
often than not being oval in profile, and ranging
in size from 50—150 mp. Those cells in which the
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small granules appear in their greatest numbers
do not contain classical keratohyalin granules,
but a limited number of the small granules are
encountered in those lowermost cells of the
granular layer in which keratohyalin bodies have
developed. Fully evolved granular cells with
large keratohyalin bodies, do not contain small
spherical granules (Fig. 1).
A higher magnification electron micrograph
(Fig. 2) reveals a small portion of the stratum
lucidum and, beneath that, part of a cell of the
stratum granulosum, in which relatively small
keratohyalin granules appear. Beneath the
granular cell, the small spherical granules are
shown in the cytoplasm of a cell of the upper
stratum spinosum. The granules may be con-
trasted in size with normal mitochondria lying
in a perinuclear location in the cell occupying the
lowermost portion of the print. Figure 3 is a high
magnification electron micrograph from the area
identified by brackets in Figure 2. Here a dis-
tinctive internal structure is revealed in some of
the small spherical granules. In particular, the
granules indicated by the arrows reveal pairs of
parallel internal membranes, or cross sections of
small tubules. This appearance is strikingly
similar to the tubular and lamcllar types of
cristac found in mitochondria (4). The granules
do not have either the density or the structural
organization of melanin particles which are
occasionally encountered in the uppermost strata
of human epidermis. It will be observed that
there is variable density within the population
of small granules depicted, and that generally the
more dense granules are smaller than the less
dense granules.
DISCUSSION
Sclby defined a class of small uniform "kerato-
hyalin granules" whose dimensions (100—200 mp)
suggest idcntity with the small granules presently
described (1). She has illustrated one such
granule without demonstrating an internal struc-
ture. It was her opinion that the small granules
might be "degenerated or transformed mito-
chondria", but she also felt that the large numbers
of them indicated "a relationship to other cell
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Fin. 1. Electron micrograph of upper layers of human epidermis showing stratum lucidum (SL),
stratum granulosum (SG) and upper stratum spinosum (SS). Observe configuration and disposition of
classical keratohyalin granules (kh). Note that the flattened cells of stratum spinosum contain nu-
merous small granules (arrows) of rather uniform size. "n" refers to nucleus and m indicates ordinary
mitoehondria. X7,650
components". Horstmann recognized similar
small granules in rat foot pad epidermis, but he
interpreted them to be virus particles (Viruskor-
perchen) (2).
The present analysis demonstrates the presence
of a mitoehondrial type of structure in the small
granules of epidermis. It leads to the considera-
tion that they may indeed represent attenuated
mitochondria, although the evidence for this
speculation is entirely morphological. It is clear
that the small granules do not have the same
structure as keratohyalin bodies, nor do they
share the same location in the progression of
cytological events known as cytomorphosis.
Sheldon and Zetterqvist observed an accumu-
lation of dense material in normal sized mito-
chondria found in the keratinizing corneal epi-
thelium of vitamin A deficient rats (5). They
adduced that kcratohyalin granules were formed
in such a manner. The small granules described
in the present analysis have the appearance of
very small mitochondria but do not accumulate
dense particles as do the corneal mitochondria.
Moreover, if the small granules of epidermis arc
indeed at all related to the keratohyalin granules,
direct progression of transitional forms is not in
evidence. Ganslcr and Rouiller, in studies of
mitochondria of normal and abnormal renal and
hcpatic epithclium, have described three morpho-
logical types of mitochondrial degeneration (6).
One of these, they believe, involves the formation
of small bodies, 0.5 p and less in diameter (petits
corpuscles) resulting from fragmentation of
normal mitochondria.
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FIG. 2. Higher magnification view of upper epidermal layers including parts of flattened cells of the
stratum lucidum (SL), stratum granulosum (SO) and stratum spinosum (SS). Cell boundary between
granular cell and underlying cell of stratum spinosum runs almost directly in a line between the marks
on opposite sides of the illustration. Observe apparent absence of small granules in granular cell con-
taining relatively small, but distinct, keratohyalin bodies (kh). Compare size of small granules (arrows)
with normal perinuclear mitochondria (m). X24,050
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FIG. 3. High magnification electron micrograph of field indicated by brackets in Figure 2. Note
parallel pairs of lines and cross sections of tubular structures in interior of small granules indicated
by arrows. X87,000
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CONCLUSIONS
It may be stated that there exist in human
epidermis small granules of uniform size and
shape. These granules make their appearance in
the flattened strata of cells just beneath the
classical stratum granulosum and disappear in
the cells in which classical keratohyalin bodies
evolve. The structure described here strongly
suggests that the small granules are attenuated
mitochondria, perhaps a consequence of fragmen-
tation of the normal filamentous mitochondria of
epidermis. Their role in the process of keratini-
zation is not known.
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